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More than 12 years have now passed since the atomic bomb ex-
ploded over Hiroshima. Concern about the possible effects of radiation
on the wel-being of the survivors is frequently expressed. Lieb,
Warren and DeCoursey,1 in theirextensivereport at bomib
asualties, remarked the need for a study of the relationship of radia-

tion to a possible increase in the incdence of neoplasm as one of the
major problems to be investigated in Hiroshima and Nagsaki. When
the program of the Atomic Bomb Casualty Commission was initiated
in 1947, the investigation of matter was one of its objectives. At
that time it was thought possible and, by some, even probable that the
delayed effects of radiation would manifest t in striing in-
creases in the incidence of a few spific diseases in the exposed popu-
lations. A rigid statistcal control of the prgam was not instituted
and, indeed, was impossible because of the varymg degrees of coopera-
tion offered to the Commission by the survivors. It was recognized
that any difference in the incid of a disease between exposed and
nonexposed groups of patents would have to be quite pronounced in
order to be detected and to withstand crtcal evaluation. Significant
increase of the incidence of leu2emia^5 and cataracts in the exped
populations have been demonstrated

In I955 it was decided that the Pathology Department of the Atomic
Bomb asual Commission should undertake an imvestigaon of the
Crence of carcinoma of the stomach m both exposed and nonex-

posed individuals in rima The project, as o outlined,
was to determie any differencesimindence, age of onset, or type of
gastric tumor occurring in the population group exposed to mass
irradiaton as compared to a nonepoed p atio Carinoma of
the stach was selected because of its prominent incdence among

A7
sms Japan.

In an extensive survey of the "Geographical Pathology of Cancer i
Japan," Takeda stated that cancer, in general, occurred less frequent-
ly in Japan than i Europe and in the United States. If, however, the
death rate from carcinoma of the stomach were corrected according to
the age distribution of the population, its icdence appeared to be
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higher m Japan than in western countries. Takeda stated that carci-
noma of the stomach was the most frequent cancer in both men and
women in Japan. He estimated that 43 per cent of all malignant neo-
plasms in Japanese men occurred in the stach and that the corre-
sponding figure for women was 30 per cent The ratio was 1.25
afficted males to one fle i Takeda's series of carcnomas of the
stach; in the United States the ratio is about I.5. Carcinoma of the
St is third in frequency among s occurring m men and
fourth in women and accoumts for about 35 per cent of all cancerdhs
in the United States."""'

MATIRIALS AND METHODS

The Pathology Departmet at the Hiroima Atomic Bomb asualty
Comision tiated full operation in December, 1948. The data listed
at present in the diagnostic files have been collected by many Japanese
and American pathologists who have been members of the department
since that time. From December I, 1948, through June 30, 1957, mem-
bers of the department performed 88o n Iupon adults. Of
these, 464 were exposed patients and 416 were nonexposed During
the same period, II,I9 srgical biopsy were mi
3,185 were procured from exposed patients and 7,915 from non
patients. In 19 cases the locality of the patient on August 6, I945,
could not be deeined In order for an individual to be classified as
exposed to the atomic bomb, he must have been within I,ooo meters
of the hypocenter when the bomb exploded. This figure was oginally
selected because one of the borders of Hirhima City lies at that
distance from the hypocenter.

In the necrps series the prinipal cause of death was astic
disease. Of the 8&o patitS, 291 or 33 per cent, died as a result of a
malignant nlas; 153 of these paiets had been exposed and 138
had not been exposed to the exosion of the atodc bomb. About 68
per cent of the asms observed in the series were crc omas, and
more 35 per cent of these were locted in the s ac ci a
of the stoach was the most common neoplasm listed in the diag
file for both the necropsy and the surgical paogy series.

In undertaking the rev of these s, it was recognized from the
outset that the total number of cases might not be large enough to be
staistically significant, that the age distribution of the population in
Hiroshima was constantly canging and was different for the exposed
and non groups, and that certain other i ences might have
been introduced into the selecti of th patients The population of
Hiroshim has been growing constantly since World War II, and at
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present, approximately 9o,ooo survivors exist in a total population of
400,000. The average age of the survivors is of course somewhat older
than that of the nonexed group because the latter is, to a large
extent made up of young newcomers to Hiroshima and children. Both
the necropsy and surgical specimens examined at the Atomic Bomb
Casualty Commission came from the Hiroshima hospitals. The Com-
mission faclities maintai only 8 beds in internal medicine, and these
are used for the study of interesting cases in cooperation with local
physician. No surgical procedures are carried out at the ABCC. Per-
mission to do necropsies is obtained through a departmental necropsy
contactor. Two times a day he contacts the City Hall and obtains re-
ports of deaths Hirhima. He then approaches the next of kin,
either through the attending physin or directly, and asks that the
Atomic Bomb Casualty Commission be given permission to perform a
necropsy. It is generally not possible to reach all of the families, and
occasionally the report of death is delayed beyond the time when the
performance of a necropsy would be useful. In the case of a nonex-
posed individual, if permission for necropsy is at first refused, no
further effort is usually made. However, if the patient was among those
exposed to the explosion of the bomb or if the attending physician is
particularly interested in having a necropsy in either an exposed or
nonexposed person, a further effort is made to obtain the consent of the
family. Thus, the total number of exposed patients among the 88o
necropsied cases was 464, a much higher proportion than would be
expected by the ratio of exposed to nonexpoed people in the popula-
tion of Hirma. Approximately one fifth of the necropsies, whether
on exposed or nonexposed patients, are performed at the direct request
of the attending physin In addition to our Autopsy Service, there
are two hospitals in Hi in which necropsies are performed.
These hospitals occasionaly concede the necropsy tion to the
Atomic Bomb Casualty Commission or if the family agrees, invite a
member of the department to attend the necropsy and examine the
tissues.
The number of surgical pathology specimens examined in Hiroshima

is small compared to those in an American city of comparable s
The great majority of specimens are exmined at the Atomic Bomb
Casualty Commission Pathology Department. Some specimens are
received by mail from outlying districts. At the present time, the vol-
ume is approximately 2,500 specimens a year, but the number is now
rising fairly sharply because of the establishment of a citywide Tumor
Registry sponsored jointly by the Hirohima City Medical Society and
the ABCC Department of Pathology. This Registry began function-
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ig on MayI, I957. Our surgical pathology requisition forms and
formalin specimen jars are made available and distributed to all of the
hospitals and private physicians' offices in roshima. A senta-
tive of our Contacting Service visits the diferent hospitals and other
designated collecting points at least 3 times a weekin ordr to pick up
new surgical specimens and to return completed reports. No effort is
made in the Surgical Pathology Service to emphsi particlarly the
collection of specmens from exposed patiets. However, the informa-
tion as to exposure is obtained on all patients and made a permanent
part of the record. The great majority of the specmens come from
gynecologic and general surgcal sources. In some instances we have
received surgical biopsy mens from patients who subsequently
are necropsied in our department. Thus, the present series of 535
patients wth carcinoma of the stomach is represented in our files by a
total of 562 surgical and necropsy records because necropsies were
performed on 27 patients with carcinoma of the stomach who had been
counted previously in the series by reason of surl specimens. On
the basis of reports from the 6 main hospitals and some of the larger
pvate clinics i H it is estimate that about one sixth of the
surgical specimensin Hir ma are ived for m pic examina-
tion. Most of the remaig five sixths of the specimens are not exam-
ined histologicaBlly at the present time.

DATA
The 535 patients i this series represent all the cases of carcnoma

of the stomh recorded in our surgl or necropsy records from
Deember I, 1948, through June 30, 1957. All were cofirmed by
histologic study. There were 342 males and 193 females. This repre-
sents a male to female ratio of 1.77 to I. The male to female ratio i
the nonexposed patients was I.8 to I, and in the exposed patients 1.7
to I. Of the total number of simens, 46I were first examied as
surgical specmens and 74 were first enountered at nop. In the
Autopsy Service, a total of ioI of the stom h were ob-
served, but 27 of these had been included in the series by reason of
earlier surgical spcmens. Of the 46I speimns first seen in the
Surgical Pathology Service, 132 were procured from exposed patients.
Of the 74 cases in the ncropsy group, SS were exposed patients. Of
the males, 224 were non control cases and iI8 were exposed.
Of the females, 124 were n e and 69 were ex
The males n the series ranged in age from 22 YearS to 85 years, with

an average age of 55.7 years. The females range from 23 years to 8I
years, with an average age of Si years. The average age of the non-
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exposed males was 53.6 years and the females, 48.4 years.
The average age of the exposed males was 59.4 years and the exposed
females, 52 years.

In 438 cases the description of the neoplasm was sufficiently com-
pete to establish its location in the stoach In the other cases either
the description was incomplete or only a small fragent of the spec-
men was sent in by the surgeon with only the statent "tumor of the
Stach." In two cases there were two separate carcinomas of the
stomach. One was obtained from an exposed patient and had separate
carcinomas on the terior wall and on the greater curva. The
second was not exposed and had separate a as in the pylorus
and in the crlia The distribution of the lesions according to the
descriptions is inated in Table I. The regions cited represent the
apparent man location of the lesion. Most of the tumors along the
lesse curvature also extended to either the anterior or poserior wail
or both, and about 8o per cent of them extended into the prepyloric

TAz I TAz I
Distriuim of CGarc Cwrxoms Histoloc Patte of Gatrk Ccixoms

Pylm 66

(Tmcldingantrum) 107
crature I8

Greater cura33
Limid to anterior wall I

Limited to eior w 22

Fundus (anterior or pos-
tenor wa oru e
not qiedfr) 6

Diffuse (liuili %asa) 4

Total 438

Muonous adenocai 9S
Undifferentatedcao
Papillary ademocirwnma so

a«tgigaieundifferentiated 9
ha2

Unknown 3

Total 53

The histologic patterns were noted and the sections were reviewed
(Table II). Although it was recognized that carcinomas of the stomac
are all derived from landular etheiu, it was possible to separate
them into several histologic types. A previously published Japanese
mepomt6L idicated that histologic differences between carcinomas of
estomach in exposed and nonexposed patdents could be detected.
We were unable to confirm this observation.
An attempt was made to establish the date of death or survival to

the end of I956 in all the patients from whom the 405 surgical speci-
mens were procured. This imquiry was made through the local phy-
sician or hospital or by letter to the last known address of the family.
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In 153 cases the follow-up was unsuccessfuL In I59 cases the date of
death was established, and in 93 instances the patient was found to be
stl alive in February, 1957. Of the 93 living patients, 28 had been
exposed to the atomic bomb and 65 had not. The duration of survival
is shown in Table m.

TA= m TABL IV
Duhation of Swvivd, Livixg Patiens Distanc from Hypocentr, Patent

With CGastri Carcina
Number

Duration o savivalf .tieu

More than 6 yrs 2

Sto6yeas
4 tOSYs I

3 to 4years 12

2 to 3Yeas I6
I tO 2years 22

One yer or kss 35

Total 93

Number
DioaM ofmDe

Lm than I,oow ML 2

I000to I,500M- 31

I,SO5to 2,o00 L 30
2,000 to 2,OS IL 38
2,SOO tO 10,000 M1 86

Total 187

All of the patients, of course, had had surgial treatment for the
neoplasm The usual therapy for carcinoma of the stomach as carried
out in Japan is a subtotal resection of the stoach with a partial or
total resection of the omentum and regional lymph nodes. Total gas-
trectomy is usually not done. As can be seen in Table m, the very
low 5 year survival prevailing in western countries is also found in
Japan.

In the patients who were operated on and who subsequently died,
the postoperative survival time was investigated to determine if there
was any significant difference between the exposed and control groups.
In all of the necropsy cases and in z59 of the surgical cases, the date
of death was known. In only 20 of the 74 necropsy cases had gas-
trectomy been performed. It was posible to calcuate the postopera-
tive survival time in 179 patients who had died. Of this total, survival
ranged from o to 5i months with an average of 9.2 months. The num-
ber of patients in the exposed group was 99, and their average surial
time was 9.2 months. The average suvivalt for 80 nonexposed
patients was 9.I6 months. It will be noted that there was no difference
in the average survival time between the control and exposed patients.
Of the i87 exposed patients i this series, there was a history of

acute radiation illness in i6 cases. In 8i cases there was a definite
denial of acute radiation sickness, and in go cases a radiation illness
history was not taken. A complete history of acute radiation illness
was available only in those patients who had attended the ABCC Out-
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patient Department during life or had been necropsied. In the patients
from whom only surgical biopsy specimens were received, the complete
questionnaire concerning acute radiation illness was usually not avail-
able. The criteria for establishing the existence of acute radiation m-
ness was based upon a history of epilation, oropuaryngeal lesions,
bleeding gums and purpura, any or all of which must have occurred
within the first 6o days after the eplosion of the atomic bomb on
August 6, I945. The farthest distance from the hypocenter for any of
the i6 patients was 2,0 meters. It has been noted that the majority
of patients who had signs and symptoms of acute radiation illness were
within 2,000 meters of the hypocenter at the time of exposure,"1t and
among the I6 patients only 3 were located at a greater distance when
the bomb exploded. Only 2 of the patients in the carcinoma of the
stomach series were exposed at less than I,ooo meters. The dosest was
at a distance of 6oo meters, and this patient had had definite signs and
symptoms of acute radiation illness, induding oroaryl lesions,
bleeding gums, rp a and epilation. He was 34 years old at the time
of the bombing. The other patient was exPOsed at 780 meters, and he
had not had acute radiation Illness. The second patient was 6o years
old in I945. It is aPParently impossible to determine which of the
patients exposed at 2,000 meters or less had had acute radiation illness.
In spite of the fact that only I6 of the patients had had radiation
i s, IOI pa t hd been exposed at it under 2,500 meters
(Table IV).
Of course, the importance given to the distance of an exposed indi-

vidual from the hypocenter must be qualified by the amount of radia-
tion actuly received. This was affected by shielding and perhaps by
individual biologic variation. LeRoy"' and others1' have pointed out
that bone marrow depression, as evidenced by leukopenia, occurred
even in the absence of other symptoms of the acute radiaton syndrome.
Thus, individuals may have suffered radiation iness without overt
manifestations. In addition, many errors of exaggeration and omission
may have entered into the histories, especially since they were obtained
as long as 12 years after the event. However, the fact remain that
there ae wide variations in the effects of acute radiation as indicated
by histories from patients exposed at dtances of 2,500 meters or less.
The of carcinoma of the st h among the exposed and

the noxposed patients listed the cmied neropsy and surgical
records was calculated. This was also done for all neoplasms found in
these groups. The results, as seen in Tables V and VI, show that there
was no significt varation between the exposed and nonexosed
groups, either for the inddence of carcinoma of the sac or for
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that of all nepasmsIn making these calculations, i8 cases were
subtracted from the total numbe of patiets necropsied n the exposed
group and 9 from the control group because these caes had already
been entered in the series in the surgcal pathology group.
On the that the patients expoed between 2,500 meters and

Io,ooo meters had recived so little adiation th for the purp of
Tmz V

I*civiec ofC of the St Necropsyand Suic Pathology
Pies, Compoud wih Disane Prom t Hypocenter

Totl Total osed

ezpu.uI Total 51 to o,o ao
o, Not 'so ---

Al Mwcvycams Hir ABCC 464 416 306 S74
All smrgal Cat%ohyc HhInm ABCC 3,18S 7,91S 1,780 9,320
Totpeal em 3,649 8,331 286 9,894

(3,631 (8,3" (2,074 (9,879
patet) pains patiens) pait)

Patiets with a f tde s5mlh 187 348 lOx 44
P rcentage cardinoma of the stomach,
nec opyand surgicalcam S.2% 4.2% 4.9% 4.4%

TAz VI
lddexce of AI Yalignat Neopasms in the Ncrpsy and Swica Pathology

Pil, Compared with Ditance Prom th Hypocxtr

la in inpatleata

exposmi Ia31 2xoW,s' o o,
ro,ooo iso' aedmexpse-o sm at

NecrOpsy cam,Co irohima ABCC I53 138 137 IS4
Surgica pa- g cam,

iroshi BCC 519 1,S576 274 1,821
Total agnt sus 672 1,714 41 1,975
Total patients esed 3,631 8,322 2,074 9,879
Percentage of Mlint n IaS I&s% 2s6% 19i8% 2oo%

this study they should be csidered nonexposed, the calcuations were
a made, defining the exposed group as only those patients who

were wi 2500 meters of th hypocenter. The remaider of the
exposed group was added to the controls. On agai, almost no differ-
ence of inddence was found in the two groups, either for carcinoma of
the st h or for the in d of all neopLsms (Tables V and VI).
The total exposed populations were estimated in I954 to be 47,600

in the o to 2,500 meter dist and 50,500 in the 2,501 to I0o000
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meter itance. These timates were based on the Atomic Bomb Cas-
ualty Commission's 1949 Radiatdon Census and on the Japanese Na-
tionl Census of I950. The incide of carcinoma of the stach and
of all malignant neoplasms in both of these groups, as shown by mate-
rial colted at t Hoima ABCC pathology department, is dem-
onstrated in Table VII. The small differences in percentages seen here

TAu VII
Cwro of m Stom d AlR M*E.3 Neo9sm

Iuc1Me in Two Ezposed P esdios

Cald atWT_sWA ABCC

Caz_ adf thestm A l lat ws*h
tbhmpacmt Pq. N.. opaiib eI No. ofIpma Iwde

0-2, 0so nCh 479600 101 .2I% 411 .86%

me= 50,50 86 I7% 26I .5I%

are not considered significant. The icdence for the nonped group
could not be aIculated since this poulaton is a fluid one. Moreover,
in the necrops service, sial emhais has always heen plaed on
obtaixdng material from exposed cases.
The age dtribution of the patients with carcinoma of the stomach

was de in (Table VIII), and the exposed group was agai di-

TAK VMI
Necropsy axd Surgc Records: Cwrdoms of the Stomach

PathaPa eCpDOed to atomc bmb
Epiued at a.sa Expmedh Pt PM ,SWoo ezpmd

Am metmatuo midaw zo,aow iu to atomi bom

21 - 2 0 I 3

26-3o 2 0 1 1 (3.2%y)
31E- 3S 2 2 14 (4.o%)
36-40 4 7 (30 (.6%)
4'1 - 45 7 (6.0%) 7 (8x)40 (u.S%)
46 - 50 12 (1.9%) zo (u.6%) 52 (14.9%)
SI - 35 (xo.9%) 14(163%) 52 (140%)
3- 6 14(13.9%) - (12%) Sg (16.7%)
64 - 6S 17 (i6.8%) 12 (14.0%) 40 (IS.52%)
66 - 70 14 (I397%) Io (Iz.6%) 4 (6.9%)
7! - 7S 12 (11.9%) 8 (9.3%) 7 (2.0%)
76- go 5 3 3

T I - 86II I

Total IOI 86 348
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vided into two subgroups: those exposed at 2,500 meters or less and
those exposed between 2,500 meters and 10,000 meters. Again thle
was no significant variation in the iDdence among the 3 groups in any
5 year period.
A preliminary analysis of the sugical pathology records idicated

that carcinoma of the stomach occurred about 8 times more frmuently
among men than among women, whether or not exposed. The necropsy
material was then examined and showed no significant difference in
incidence between males and fles. The depancy m the surgial
pathology records is readily eplained in view of the fact that the num-
ber of specimens from females is made very much larger by the sub-
mission of numerous cervical and breast biopsy specmens. In Japan,
even more so thnin the United States, these are not equated in the
male series. The almost complete absence of prostatic hypertrophy or
prostatic carcnoma in Japan'0 heightens the difference i numbrs
of surgical pathology specimens received from men and womenL
The data gathered in this study were submitted to the Bioatistics

Department in the hope that a real incidence of carcinoma of the
stomach per Io,ooo people could be calculated for the exposed and
nonexposed groups. During the past i8 months, m an effort to give
statistical significance to the work carried out at ABCC, the establish-
ment of fixed population samples in roia for those exposed to the
bomb detonation at close dtances, those at greater dtances, and
those not exposed has been under way. The population sample for the
nonexposed group is still incomplete, and therefore, it was not possible
to calculate a real incdence of carcnoma of the stomach for this group.
However, it was found that 42 carciomas of the stach from the
group exposed under 2,500 meters, and 30 from the group exposed
between 2,500 and Io,ooo meters were included in the master sample.
The population figures for these two groups are now available for the
Years 1951 through 1956. For these two groups, a valid incdence of
carcinoma of the stomach per Io,ooo live population could be calcu-
lated. This incidence is I.8o per Io,ooo for the group exposed under
2,500 meters and 1.72 per Io,ooo for those exposed 2,500 to 10,000
meters. This, of course, constitutes no signifiant difference

COMMENT AND SuxiMRY
Carcinoma of the stomach was listed in 535 cases in the surgical

pathology and necropsy pathology records of the Hiroima Atomic
Bomb Casualty Commission between December I, z948, and June 30,
1957. Of these patients, I87 had been exposed to the exqposion of the
atomic bomb in Hiroima. The cases in the exposed group were com-
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pared with those in the nnexped group, and no significant differ-
ences were found between these two groups for the average age at the
time of diagnss, the age distribution in 5 year age groups, the post-
operative suivalftme, or the histologic patter and location of the
tumor in the stomach. The incidence of all neoplasms in the exposed
and nonexposed groups was also calculated and found to be almost
equal. The possibility that the definition of "exposure" was too broad
and was thus hiding effects in the patients exposed at 2,500 meters or
less was considered, and the material was re-examined using 2,500
meters from the hypocenter as the limit of exposure. The patients
between 2,500 and Io,ooo meters were added to the control group.
Tle inddec of carcinoma of the stomach and of all neoplasms were
again calculated and again found to be approximately equal. In the
cases t ed by a surgical resection of the cancer through 1956, a
follow-up was possible in 252 patients; 93 of these were still living,
but only 7 had lived more th 5 years after the operation. Only one
of these was an exposed patient. No sifi was athed to this
finding.

Carcinoma of the stomach is the most frequent neoplastic dise
for both men and women m Japan. Its incidence and behavior m
patients exposed and not exposed to the explosion of the atomic bomb
m Hiroshima has been compared. No significant differences were found
in these two groups. The study represents an 8y2year survey ending
almost 12 years after the atomic bombing of Hirhima
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